During the last 2 decades, community-associated methicillinresistant Staphylococcus aureus (CA-MRSA) strains have dramatically increased the global burden of S. aureus infections. The pandemic sequence type (ST)8/pulsed-field gel type USA300 is the dominant CA-MRSA clone in the United States, but its evolutionary history and basis for biological success are incompletely understood. Here, we use whole-genome sequencing of 387 ST8 isolates drawn from an epidemiological network of CA-MRSA infections and colonizations in northern Manhattan to explore short-term evolution and transmission patterns. Phylogenetic analysis predicted that USA300 diverged from a most common recent ancestor around 1993. We found evidence for multiple introductions of USA300 and reconstructed the phylogeographic spread of isolates across neighborhoods. Using pair-wise single-nucleotide polymorphism distances as a measure of genetic relatedness between isolates, we observed that most USA300 isolates had become endemic in households, indicating their critical role as reservoirs for transmission and diversification. Using the maximum single-nucleotide polymorphism variability of isolates from within households as a threshold, we identified several possible transmission networks beyond households. Our study also revealed the evolution of a fluoroquinolone-resistant subpopulation in the mid-1990s and its subsequent expansion at a time of high-frequency outpatient antibiotic use. This high-resolution phylogenetic analysis of ST8 has documented the genomic changes associated with USA300 evolution and how some of its recent evolution has been shaped by antibiotic use. By integrating whole-genome sequencing with detailed epidemiological analyses, our study provides an important framework for delineating the full diversity and spread of USA300 and other emerging pathogens in large urban community populations.
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phylogeny | genomics | CC8 | drug resistance T he emergence and worldwide spread of community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) since the late 1980s has led to an unprecedented epidemic of skin and soft tissue infections (1) . An estimated 5-10% of these community-based infections are invasive and potentially lifethreatening, often affecting young and healthy individuals (2) . The high burden of CA-MRSA infections has been particularly apparent in the United States, where a single clone, designated USA300 by pulsed-field gel electrophoresis analysis (3) or sequence type ST8 by multilocus sequencing typing, has been responsible for this epidemic (4, 5) .
The increased expression of virulence genes and the step-wise acquisition of unique mobile genetic elements (MGEs) are thought to have contributed to the well-documented virulence of USA300 in animal models of infection (6) (7) (8) (9) . This includes S. aureus Pathogenicity Island 5 (SaPI5), the Sa2int prophage encoding Panton-Valentine leucocidin (PVL), and the horizontally acquired arginine catabolic mobile genetic element (ACME). ACME is almost exclusively restricted to the USA300 lineage and has been implicated in resistance to host antimicrobial peptides and in promoting skin infections (8, 9) . Earlier studies on the evolution of USA300, using a limited number of isolates, have suggested a recent clonal expansion and diversification of USA300 and have provided evidence that discrete changes in the core genome can significantly alter the virulence, proliferation, and persistence of selected USA300 isolates (10) (11) (12) (13) . Our understanding of how this clone became established as an endemic pathogen within communities remains limited. Its success, nevertheless, is likely dependent on a combination of microbial, host, and environmental factors.
USA300 has disseminated at different rates across the United States. For example, the emergence of USA300 in New York City lagged behind other regions of the country (4, 5) , but by 2009, this clone had become firmly established as the predominant cause of CA-MRSA infections (∼75%) in northern Manhattan (14, 15) . Our recent assessment of risk factors for CA-MRSA infections revealed a higher burden of USA300 colonization of household members and contamination of environmental surfaces in households with an infected index compared with noninfected control households. Environmental contamination with USA300 Significance A single clone, pulsed-field gel type USA300, has driven an unprecedented community-associated epidemic of Staphylococcus aureus infections, often affecting young, otherwise healthy individuals. Here we reconstruct the recent evolution and phylogeographic spread of USA300, using whole-genome sequencing of a large collection of infection and colonization isolates from a Manhattan community. We find that households serve as major reservoirs of persistence and transmission. By defining isolate variability within and between households, we localized putative transmission networks in the community. We further identified clonal spread of fluoroquinolone-resistant USA300, suggesting a critical role for antibiotic exposure in the recent evolution of this epidemic strain. Our study provides an important framework for molecular epidemiological investigations into the transmission of opportunistic pathogens that colonize and infect communities.
in particular was associated with an increased frequency of recurrent S. aureus infections (14) and transmission between household members (15) . These observations suggest a crucial role for community households as reservoirs for the maintenance and spread of USA300. Alternatively, the predominance of USA300 as a cause of CA-MRSA infections potentially suggests centralized sources within the wider community, such as shops or schools that could result in community-wide outbreaks. In either scenario, unique genomic factors are likely to accelerate the expansion of USA300 compared with other clones.
Conventional genotyping techniques have failed to characterize the genetic ancestry of USA300, precluding a detailed molecular epidemiological understanding of how USA300 has spread and evolved within and between community households. Whole-genome sequencing and novel comparative genomics tools have recently been used to reconstruct the evolutionary history and global spread of mainly hospital-associated MRSA lineages such as ST22, ST30, and ST239, or to resolve outbreaks in hospital units (16) (17) (18) (19) (20) . The power of genome sequencing to identify missing epidemiological links in small community outbreaks of Mycobacterium tuberculosis has also recently been demonstrated (21, 22) . Here, we have sequenced and compared a large collection of epidemiologically well-characterized ST8 S. aureus isolates drawn from a CA-MRSA transmission study as a means of determining their population structure and shortterm evolution in an urban community. Our integration of genomic and epidemiological data illustrates the dynamic evolution of USA300 within households. These results provide important insights into the genomic basis of the recent successful USA300 expansion and spread.
Results and Discussion
Phylogenetic Reconstruction of ST8 Lineage Isolates from an Urban Community. We determined full-genome sequences of 387 spaclonal complex t008/ST8 isolates ( Fig. S1 and Table S1 ). These were selected from a community-based case-control study of MRSA transmission in northern Manhattan and the Bronx (14, 15) , which enrolled 161 individuals with CA-MRSA infections between January 2009 and May 2011. These individuals were age-matched to noninfected controls. To enhance the temporal and geographic signal in the sample set for comparative sequence analyses, we also included previously published ST8 sequences from the same New York City neighborhood (12) and from San Diego, California, as a separate regional comparator (11) . These samples were collected between 2004 and 2009. After excluding MGEs, we identified a total of 12,472 singlenucleotide polymorphisms (SNPs) in this collection in comparison with the USA300 reference sequence named FPR3757 (8) . These "core" genome SNPs were used to construct a maximum likelihood phylogenetic tree (Fig. 1A) . Around 85% of isolates clustered within a closely related clade, which also contained the USA300 genome reference isolate (FPR3757), and another published USA300 genome reference (named TCH1516) (23) . The remaining isolates were more diverse and formed several clades. Within these clades, we found an isolate belonging to USA500, the proposed progenitor of USA300, and a number of methicillinsusceptible S. aureus ST8 isolates (Fig. 1) .
In total, 374 isolates were contained within the USA300 clade, and using the 6,014 SNP sites in this population, we investigated their microevolutionary history. Subsequent analyses revealed a mutation rate of 1.22 × 10 −6 (95% confidence interval, 6.04 × 10 −7 -1.86 × 10 ) substitutions per nucleotide site per year (Fig.  S2 ), which corresponds with ∼3 SNPs per year. This rate estimate is comparable to estimates from the mainly hospital-associated lineages ST22 and clonal complex 30, whereas the mutation rate of ST239 is ∼twofold higher (Fig. S2B) (17, 19) . This suggests that the mutation rate is relatively preserved across multiple S. aureus lineages. On the basis of this substitution rate, we estimate the date of divergence of the USA300 clade from its most recent progenitor to be around 1993. The level of homoplasy in the USA300 clade was very low (homoplasy index of 0.007), indicating that recombination likely only contributed at very low levels to the observed genetic changes and suggests clonal propagation of the core genome.
Using this high-resolution data set, we then investigated the phylogeographic relationships and temporal dynamics of the USA300 population. Examination of the geographic origin of the isolates within the USA300 clade ( Fig. 1 ) revealed that the isolates from California and Texas were interspersed with isolates from northern Manhattan. Moreover, the Zip codes of the northern Manhattan isolates were widely distributed across the tree. This suggests that the USA300 population was likely to have been introduced multiple times into northern Manhattan, rather than having expanded rapidly from one local ancestor. A Bayesian phylogeographic reconstruction of ancestral nodes in the phylogenetic tree of the infectious USA300 isolates supports a root of the USA300 clade within the Washington Heights neighborhood and suggests subsequent spread to adjacent areas (Fig. 2) . We note that the hospital in which patients presented is located in the Washington Heights neighborhood, as was the residence of the majority of recruited patients. Further studies are needed to evaluate the potential role of hospitals, where USA300 now also predominates, in the spread of USA300 back into the community.
Transmission of USA300 Within Households and the Community. To further explore how USA300 spreads in the community, we investigated the possibility of direct transmission between households sampled in this study. Comparative whole-genome sequencing has been shown to be an effective tool in identifying bacterial outbreaks in hospitals (20) . These nosocomial investigations frequently benefit from a high incidence of symptomatic disease and the ability to rapidly sample and identify asymptomatic carriers in a geographically and temporally restricted setting. Little precedence exists on how to approach outbreak analyses of opportunistic pathogens such as S. aureus in the community setting, where asymptomatic colonization may have existed for an extended time and where people are less likely to identify their personal contacts.
To overcome these limitations, we explored how individual and household-level sequence data could inform a cutoff for strain similarity in the community setting by measuring the SNP distance between pairs of isolates. This method takes advantage of the above-noted features of a consistent mutation rate across the population, very low levels of possible recombination, and no evidence of hypermutators. To estimate the genome variability during asymptomatic colonization, we first analyzed individuals who were colonized with ST8 isolates at multiple body sites (24) . Multiple positive swabs were available for 21 individuals, ranging from two to five sites (throat, axilla, groin), yielding 55 isolates. The overall number of pair-wise SNPs ranged from 0 to 470 (median, 2) for a given individual.
Two individuals were colonized with two distinct USA300 clones that clustered in different parts of the tree and that harbored 70 and 470 pair-wise SNPs, respectively (Fig. 3A) . Excluding these distinct isolates, paired samples collected from one individual differed by 1.4 SNPs (range, 0-9). Furthermore, all but one of 22 serial infectious episodes (defined as an infection of an individual at a new body site and occurring >1 month apart) were closely related (median pair-wise SNPs, 8; range, 0-37). Longitudinal isolates separated by larger time intervals (up to 43 months) harbored higher pair-wise SNP differences. However, two isolate pairs collected 6 months apart differed by none or only two SNPs, respectively. This lack of variability might in part be attributed to sequencing of single colonies from a potential cloud of diversity. Nevertheless, the close genetic relationship of these serial infectious isolates suggests that either the infected individual or their immediate contacts and environment may have served as the source of their reinfection. Isolates collected from individuals living in the same household were also closely related, with a median pair-wise SNP distance of 3 (range, 0-772; Fig. 3B ). In contrast, the median SNP difference of all isolates collected from different households in this community was considerably higher, at 104 (range, 0-1,008; Fig. 3B ). Taken together with the observation from the phylogenetic reconstruction that geographically unrelated isolates are interspersed, these findings argue against a community-wide outbreak of USA300 infections.
This suggests that USA300 isolates have become endemic in households, which serve as important reservoirs for colonization, transmission, and infection. Despite the close relationship of isolates from the same household, the increased resolution provided by whole-genome sequencing also revealed that up to 17% of possible transmission events, as determined by conventional genotyping (spa-typing and, in select cases, multilocus sequencing typing or pulsed-field gel electrophoresis) overestimated strain similarity and transmission within the 82 households with multiple ST8 isolates (Fig. 1A) .
We determined that 23 SNPs was the maximum pair-wise distance of isolates with a clearly established epidemiological link (i.e., collected from a single household). When applying this maximum threshold of 23 SNPs, isolates from 47 of the 170 households were similar to at least one isolate from another household, yielding 35 household pairs. The median SNP difference of these household pairs was four SNPs (range, 0-23). Interview data confirmed an epidemiologic connection for 10 of the 35 household pairs (Fig. 4) . Isolates from eight of these 47 linked households belonged to a larger subclade with a deep basal branch (Fig. 1B) . Unlike the majority of the population originating from a more distant ancestor, this geographically dispersed group of isolates shared a relatively recent common ancestor around 2002 (Fig. 2) . This raised the hypothesis that this clade represents a successful clone relative to the wider USA300 population of the study sample (Fig. 1B) . We first explored whether the 29 isolates from this subclade were linked by a unique epidemiology. These isolates were collected from 14 different households during a 20-month period. Their median pair-wise SNP distance was 38 (range, 0-55), exceeding our previously defined threshold for transmission between households. The isolates defining this clade were mostly collected from low-income households of Hispanic ethnicity. However, these households did not differ significantly from the overall study population, and no hidden epidemiological links, such as sports participation, age categories, pet ownership, or recent travel, were identified (Table S2) .
Next, we defined the genetic events that distinguish this subclade from the remainder of the USA300 clade and perhaps contribute to its persistence or transmissibility. All isolates shared 26 SNPs, including seven intergenic, three synonymous, and 16 nonsynonymous. One of these was a nonsense mutation in the putative wrbA gene (25) . In comparison, nonsense mutations were only sporadically present in the overall data set and involved 212 positions. In Escherichia coli, the WrbA protein was identified as the founding member of a novel class of flavoproteins (25) . Despite its conservation from bacteria to plants, its exact function still remains incompletely understood, but it is thought to play a role in the oxidative stress defense or cell signaling (26, 27) . In addition to the wrbA pseudogene, these isolates harbored 15 additional nonsynonymous SNPs (Table S3 ). Of note, ACME was absent in eight (28%) and a prophage belonging to the integrase type Sa5int was present in 15 (52%) of these isolates. Taken together, this subclade perhaps represents a successful clone within USA300. However, the genetic basis for this requires further investigations. USA300 Genome. A repertoire of MGEs contribute to the biological success of USA300 (8, 9, 28), so we defined the staphylococcal cassette chromosome mec (SCCmec) element subtype and presence of prophages, SaPI5, and ACME for each isolate. Their distribution closely mirrored the phylogeny of the core genome ( Fig. 5 and Fig. S3 ). The presence of ACME was restricted to USA300 (Fig. 5) , although it was not present in 23 isolates (6%) in this lineage (n = 23; 6%), and its sequence exhibited very limited genetic variability, with only 70 SNPs (Fig.  S4A ). These data are most consistent with a single acquisition of ACME into the progenitor of the USA300 clade, followed by recent clonal dissemination and occasional loss of the element. All but four ACME-negative isolates in the USA300 clade were also SCCmec type IVa-negative, and similar to the ACME element, there appears to have been a single acquisition event of SCCmec type IVa that defined the emergence of USA300. Notably, methicillin resistance has evolved in the ST8 ancestral population on several occasions via the acquisition of different subtypes of SCCmec type IV elements (IVb, IVc, IVe, and IVg; Fig. 5 ). Prophage Sa4int was absent from the entire ST8 lineage, and Sa7int was detected only in non-USA300 samples (n = 8), whereas Sa6int (2%), Sa1int (11%), and Sa5int (16%) were present relatively infrequently in the USA300 clade (Fig. S3) . Some of the observed variability of MGEs was found among isolates with a closely related core genome, including from the same individual or households, suggesting that isolates can rapidly acquire or lose prophages during colonization. Sa2int and Sa3int were detected in almost all isolates. We found evidence for at least five different acquisitions of the lukSF-carrying Sa2int prophage into ST8, with considerable sequence variability among the non-USA300 isolates (Fig. 5 and Fig. S4B ). Our data further suggest only a single uptake of Sa2int into USA300. This coincided with the acquisition of ACME (between 1970-1993), resulting in the emergence of USA300 (Fig. 6B) . In contrast, SaPI5, also thought to be unique to USA300, was detected in several non-USA300 isolates with a most common recent ancestor around 1957 (Figs. 5 and 6B ). SaPI5 sequences differed by a limited number of SNPs, consistent with a single acquisition event (Fig. S4C) . SaPI5-positive and ACME-negative non-USA300 isolates carried SCCmec IVa, IVb, or IVc. Interestingly, some of these SCCmec-IVa isolates contained ACME remnants adjacent to the SCCmec element (Fig. 5B) , suggesting ACME was acquired, and subsequently lost, by a precursor clone. This raises the possibility that additional genomic adaptations in the core genome were necessary to enable the successful clonal expansion of the SCCmec IVa/ACME/SaPI5-positive USA300 clone. The USA300 clade was separated from these ACME-remnant carrying isolates by 62 SNPs (12 intergenic, 14 synonymous, 36 nonsynonymous SNPs; Table S4 ).
Drug Resistance in ST8. One of the original features of USA300 was its overall susceptibility to non-β-lactam antibiotics in comparison with other epidemic MRSA (3), although more recently, increasing drug resistance has been reported (29) . We analyzed the whole-genome sequences of the ST8 isolates to elucidate the antibiotic resistance genotype and examine the evolutionary dynamics of the development of resistance. Drug resistance differed substantially between USA300 isolates and the remainder of the sample, with methicillin resistance being the most marked difference. In the USA300 clade, resistance to gentamicin, tetracycline, and trimethoprim/sulfamethoxazole was infrequent and was consistent with a low prevalence of plasmid pUSA02 (8, 30) (Fig. S5) . Plasmid pUSA03-encoded ileS, conferring high-level mupirocin resistance and previously suggested as a major driver in the USA300 epidemic (31) , was only present in 24 isolates (7%). The majority of USA300 isolates harbored a large plasmid closely resembling p18805-p03 (30) and encoding for resistance to kanamycin (aphA-3), erythromycin (msrA), beta-lactams (blaZ), and heavy metals (cadDcadX operon; Fig. S5B ).
Of the ST8 isolates, 118 (31.6%) of 374 were fully susceptible to fluoroquinolones. Remarkably, isolates harboring fluoroquinolone-resistance conferring mutations gyrA and S80F/S80Y grlA clustered together in the USA300 clade ( Fig. 6 and Fig. S5 ), consistent with a clonal propagation of this genotype after its emergence on a single occasion, rather than multiple acquisitions. Further analyses suggested this resistant clade emerged around 1995 from an already successful USA300 population (Fig. 6B ). SNPs associated with fluoroquinolone-resistance have previously been invoked in the success of hospital-associated EMRSA-15 in the United Kingdom. Here, the timing of the increasing and widespread use of fluoroquinolones (in particular, ciprofloxacin in the United Kingdom) and the acquisition of resistance-conferring mutations in ST22 coincided with the expansion of this clone (17) . Furthermore, a decrease in prescriptions of ciprofloxacin was temporarily correlated with a reduced incidence of MRSA infections in a UK hospital (32) . Similarly, we note a time-dependent correlation of national outpatient prescriptions for fluoroquinolones and CA-MRSA incidence in the United States (Fig. S6) . Fluoroquinolone use increased in the United States by 49% between 1999 and 2008 (www.cddep.org/ resistancemap/use/quinolones; Fig. S6 ) but has since declined by 24%. This raises the possibility that the recently reported decline in CA-MRSA infections (33) may in part be attributed to decreased fluoroquinolone use in the United States. Fluoroquinolones are excreted onto the skin and impair the growth of the normal flora, providing a selective pressure that enables the spread of resistant organisms. In our community, about half the control patients reported the use of nondescript antibiotics during a 6-month period, suggesting substantial antibiotic pressure (14, 15) . Alternatively, the recent emergence of USA300 as a nosocomial pathogen (34) may have contributed to the evolution and expansion of a fluoroquinolone-resistant USA300 clone in the hospital setting, which was then transferred back into the community. Last, not all S. aureus clones resistant to fluoroquinolones have become widespread, underscoring that the mechanisms conferring a fitness advantage are likely confounded by underlying additional genomic features.
Concluding Remarks. USA300 has produced an unprecedented epidemic of CA-MRSA infections in the United States and, increasingly, elsewhere. Its dominance has been attributed to a combination of MGEs (8, 28) , virulence genes (7), and host and epidemiologic risk factors (2, 14) . Few studies, however, have been able to link these components. Applying whole-genome sequencing to a large collection of epidemiologically well-characterized ST8 isolates, we reconstructed the evolution of USA300 in an urban community. Comparative genome analyses strongly suggest that community households serve as a critical reservoir for CA-MRSA diversification, transmission, and infection. The emergence of fluoroquinolone-resistance-conferring SNPs in gyrA and grlA may have further promoted the expansion of USA300 as a major S. aureus clone. This observation highlights the potential effect of widespread antibiotic use on a population level. Further studies are warranted to determine the effect of fluoroquinolone resistance on the global evolution and spread of successful MRSA lineages. Our sample collection of community isolates provides a unique perspective on the evolution of S. aureus during colonization and transmission within households. Despite the relatively recent expansion of USA300, our data suggest that this clone was introduced multiple times into northern Manhattan and that several different clades have become endemic and account for the majority of infection and colonization in this urban community. Although isolates collected from an individual were most closely related, their paired SNP numbers were comparable with isolates from other household members but differed substantially from those from the community. This strongly suggests that individuals within one household frequently exchange colonizing S. aureus strains, which in turn may serve as the source for the increased frequency of infections among household members (14) . These results support a "search and destroy" approach targeting not only infected patients but also their household members and home environment, which previously was applied successfully to control a large ST22 outbreak in Denmark (35) . The identification of larger USA300-harboring networks beyond the household suggests further spread of USA300 in the community by mechanisms that have yet to be identified.
Through the use of whole-genome sequencing, we detected far greater genomic diversity than we originally anticipated in this large sample of nearly 400 ST8 isolates from the northern Manhattan community. This may in part be attributed to the challenges to capture S. aureus-infected patients in the community who may seek treatment at multiple different healthcare institutions, not be cultured at the time of diagnosis, or selfmedicate. Despite these limitations, we were able to identify several putative transmission events between households according to the sequence similarity of isolates. Our results provide an important context for designing novel analytical tools to fully reconstruct the spread of a highly dynamic and evolving clone such as USA300 in an endemic community setting.
Materials and Methods
Sample Selection. This study was reviewed and approved by the Institutional Review Board of Columbia University Medical Center. We selected 387 isolates ( Fig. S1 and Table S1 ) from a community-based case-control study on CA-MRSA infection in Northern Manhattan and the Bronx (14, 15) , which enrolled 161 individuals with CA-MRSA infections and noninfected age-matched controls between January 2009 and May 2011. Case and control indexes, participating household members, and social contacts were assessed for S. aureus colonization, household surfaces were surveyed for S. aureus contamination, and clinical infection isolates were collected. In total, 1,344 S. aureus isolates were identified and 478 were genotyped as spa-t008 or a related spa-type by BURP clustering (14, 15) . Of these, all infectious isolates (n = 130), all available serial infectious isolates (occurring at least 1 month apart; n = 22), all nasal and skin colonization isolates, and one environmental isolate per household were selected for sequencing, resulting in 387 isolates (Fig. S1 ). Additional comparative sequence analyses also included previously published ST8 sequences from the same geographic region (n = 8); Houston, Texas (n = 1); and Californian settings in both San Francisco (n = 1) and San Diego (n = 36) (11, 12, 23) .
Whole-Genome Sequencing and Detection of SNPs in the Core Genome. S. aureus genomic DNA was extracted using the QIAamp DNA Mini Kit (Qiagen), and unique index-tagged libraries were generated. Wholegenome sequencing was carried out using the Illumina HiSeq2000 with 100-base paired-end reads. Paired-end reads were mapped against the core chromosome of the ST8 USA300 reference genome sequence FPR3757 (accession NC_002952) (8) . SNPs and indels were identified as described previously (16, 36, 37) . Unmapped reads and sequences that were not present in all genomes and MGEs were not considered as part of the core genome; therefore, SNPs from these regions were not included in the phylogenetic analysis. SNPs falling within high-density SNP regions, which could have arisen by recombination, were identified using RepeatScout (38) and excluded from the core genome. The latter was curated manually to ensure a high-quality data set for subsequent phylogenetic analysis and was composed of 2,493,408 bp. The presence or absence of acquired genes and SNPs conferring resistance against 16 antimicrobial detergents was determined as described previously (39) , and for SNPs causing resistance in housekeeping genes the standard mapping and SNP calling approach was used as described earlier. Sequence data are deposited in the European Nucleotide archive (accession PRJEB2870; see Table S1 ).
Phylogenetic Analyses. A maximum likelihood phylogenetic tree with 100 Bootstrap replications was drawn for USA300, using RAxML v0.7.4 (40) . These analyses included the entire data set (434 isolates and 12,472 SNPs), infectious isolates only (142 isolates and 4,348 SNPs), or core-clade isolates only (374 isolates and 6,014 SNPs). A subset of 112 clinical isolates was used to infer the substitution rate, time of emergence, divergence dates, and phylogeographic spread, applying Bayesian methods as implemented in the BEAST v1.7.5 package (41). BEAST was run for 100 million generations, sampling every 10,000 states using the HKY substitution model. The age for each tip of the tree was defined as in day, month, and year of isolation. A strict, exponential-relaxed and lognormal-relaxed molecular clock with constant size coalescent and Bayesian skyline coalescent was used, respectively. Each model was run three times, and good converging of chains and effective sample size values were inspected using Tracer v1.5. A marginal likelihood estimation using path sampling and stepping stone sampling for each run was carried out to compare the different combinations of clock and The tips of the tree are constrained by isolation date. PP, posterior probability. Gains of MGEs SAPI5, ACME, Sa2int, and the nonsense mutation in wrbA (*) have been mapped on the tree.
tree models (42, 43) . The marginal likelihood estimation was then used to assess the best-fitting model for the data set by calculating the Bayes Factor. For the used data set, the strict skyline model provided the best fit. LogCombiner v1.7.5 was used to remove states before the burn-in and then to combine the trees from the multiple runs. A maximum clade credibility tree from the combined trees was obtained using treeAnnotator v1.7.5. The geographic origin of isolation (as longitude, latitude, and neighborhood) was analyzed as a continuous and discrete trait, and BEAST was used to infer geographic origin and resistance of internal nodes.
In silico Detection of MGEs. Sequence reads were assembled de novo into contigs, using velvet v1.0.12 (44) and velvet optimizer, and were used to determine the presence, absence, and diversity of MGEs. All isolates had been assigned as SCCmec IV, using a previously described multiplex PCR (14, 15) . The subtype was determined using an in silico PCR approach (45, 46) . Prophages were classified according to their defined integrase type (47) . To investigate the diversity of the PVL-containing prophage, ACME, and SaPI5, corresponding sequences were extracted from the mapping alignment.
Plasmids were identified by mapping fastq reads against a subset of 22 plasmids commonly found in USA300 isolates (30) .
Statistical Analysis. Detailed epidemiological information was available on the case and control indexes, including demographic, health, and risk behavior variables. In addition, date and location data by longitude and latitude were analyzed to identify possible transmission events.
